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Gabon has recently been struck three times by Ebola hemorrhagic fever. The first isolate originating from the 1994
outbreak has been subjected to molecular characterization of its GP and VP24 genes. Sequence analysis demonstrates
that the agent, Gabon-94 virus, belongs to subtype Zaire of Ebola virus. The isolate is closely related to the Kikwit-95 isolate,
and both viruses seem to have evolved from a progenitor virus different from that of the Zaire-76 isolates. The relatively
close relationship of all subtype Zaire viruses isolated at different geographical locations and up to 20 years apart suggests
an extreme conservation in the yet unknown natural reservoir of Ebola viruses. The level of genetic variability in the human
host might be different as indicated by the comparison of isolates from a single outbreak (Mayinga-76 and Eckron-76), but
needs further investigation on clinical material of patients by PCR since both isolates have different levels of passages in
tissue culture. q 1997 Academic Press
INTRODUCTION are the causative agents of a severe hemorrhagic fever
in humans with mortality rates ranging between 22 to
Ebola virus (EBOV) is one of the two species within 88% (Martini and Siegert, 1971; Pattyn, 1978). During
the family Filoviridae (ICTV, 1991; Murphy et al., 1995). the past 20 years several African countries have spo-
Filoviruses are genetically characterized by a nonseg- radically been struck by EBOV epidemics: Zaire in 1976
mented negative-stranded (NNS) RNA genome with the (World Health Organization, 1978b), 1977 (Heymann et
following linear gene arrangement: 3* leader – nucleo- al., 1980), and 1995 (World Health Organization, 1995),
protein (NP) gene – virion structural protein (VP) 35 Sudan in 1976 (World Health Organization, 1978a) and
gene – VP40 gene – glycoprotein (GP) gene – VP30 1979 (Baron et al., 1983), and Cote d’Ivoire in 1994
gene – VP24 gene – polymerase (L) gene – 5* trailer (LeGuenno et al., 1995). Recently Gabon, a country with
(Feldmann et al., 1992; Sanchez et al., 1993; Volchkov hitherto no reported case, but serological evidence for
et al., 1993). In general, filoviral genes are transcribed filovirus reactive antibodies in the population (Ivanoff
into monocistronic subgenomic RNA species (mRNA), et al., 1982), has suffered from three epidemics. The
which are translated into the appropriate proteins first epidemic begun in November 1994 in two gold-
(Sanchez and Kiley, 1987; Feldmann et al., 1992 and mining camps (Mekouka and Andock) in the tropical
1993). In contrast to Marburg virus (MBGV), the organi- rain forest along the Nouna river 100 km north of Mako-
zation and transcription of the EBOV GP gene is un- kou (Amblard et al., 1997). It was followed by an epi-
usual and involves transcriptional editing which is
demic in February/March of 1996 in the village of Mayi-
needed to express the structural glycoprotein (GP)
bout II on the Ivindo river about 100 km north of Mako-
(Volchkov et al., 1995; Sanchez et al., 1996).
kou and 60 km east of Andock with 50 cases of which
EBOV are subdivided into four different subtypes,
25 died (World Health Organization, 1996). The third
Zaire, Sudan, Cote d’Ivoire, and Reston (Sanchez et al.,
outbreak started in July 1996 around Booue about 200
1996). The three African subtypes of EBOV and MBGV
km west of Makokou and accounted for so far 54 cases
with 41 deaths (World Health Organization, 1997).
The study was performed to molecularly character-1 The glycoprotein (GP) gene and virion structural protein (VP) 24
ize and classify the agent that caused the first appear-gene sequences of the Ebola virus isolate Gabon-94 and the GP gene
sequence of Eckron-76 have been submitted to the GenBank database ance of Ebola hemorrhagic fever in Gabon. Here we
and have been assigned the Accession Numbers U77384, U77385, and demonstrate that the 1994 outbreak was caused by a
U81161, respectively. subtype Zaire EBOV that is closely related to the Kikwit-2 To whom correspondence and reprint requests should be ad-
95 isolate. Sequence and phylogenetic analyses fur-dressed. Fax: /49-6421-285482; E-mail: feldmanh@mailer.uni-mar
burg.de. ther indicated that these two viruses have evolved from
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FIG. 1. Nucleotide sequence alignment of the GP genes of EBOV subtype Zaire isolates. The ATG start and TGA stop codons are indicated
with Met and Stop, respectively. Key: May-76, Mayinga isolate from 1976; Eck-76, Eckron isolate from 1976; Gab-94, Gabon isolate from 1994;
Kik-95, Kikwit isolate from 1995; dot, identical nucleotide residue; underlined, common mutation for Gabon-94 and Kikwit-95 compared with
Mayinga-76.
a progenitor virus different from that of the Zaire-76 containing 10% fetal calf serum (FCS) (GIBCO, Ger-
many).isolates.
MATERIALS AND METHODS RT-PCR and sequence analysis
Viruses and cell line
E6 cells were infected with Eckron-76 and Gabon-94
isolates at m.o.i.’s of 1002 PFU/cell and virus purificationThe Gabon-94 isolate of EBOV was isolated from a
patient during the 1994 outbreak in Gabon (Amblard was performed as described earlier (Feldmann et al., 1991).
Viral genomic RNA was isolated using a commercial kitet al., 1997) and used for the study after a single pas-
sage in E6 cells. The Mayinga-76 and the Eckron-76 (RNAeasy kit; Quiagen, Germany), according to the instruc-
tions of the manufacturer. Reverse transcription and PCRisolates were isolated from different patients of the
same village during a single outbreak in 1976 in Zaire. amplification (RT-PCR) were performed as published pre-
viously (Volchkov et al., 1995) using the following oligonu-The Mayinga-76 isolate was kindly provided to us after
three plaque-purifications by the Special Pathogens cleotides: 5*-TCGGGATCCATTTCTAGGTTGTTCACA (ge-
nomic RNA (/) sense, nucleotides 5830 to 5856) and 5*-Branch of the Centers for Disease Control and Preven-
tion (Atlanta, GA). The Eckron-76 isolate was kindly AAAAGCTTCTTTCCCTTGTCACTAAA (complementary to
nucleotides 8390 to 8365, genomic RNA (/) sense) for theprovided to us by S. R. Pattyn (Institute of Tropical Med-
icine, Antwerp, Belgium). This virus was passaged a GP genes, and 5*-CCACAAAAGTGTCTCTAAGC (genomic
RNA (/) sense, nucleotides 10040 to 10059) and 5*-TTA-few times in Vero cells. EBOV isolates were grown in
E6 cells, a cloned cell line of Vero cells (ATCC CRL TATATCTGATTATGAAAGCAGAGATG (genomic RNA (/)
sense, complementary to nucleotides 11188 to 11160) for1586). E6 cells were maintained in Dulbecco’s medium
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FIG.1 —Continued
the VP24 gene. PCR products were gel purified (Gel Extrac- AAAGACAAATTTGCATATACAGAATAAAG (complementary
to nucleotides 2168 to 2140, mRNA sense).tion kit; Quiagen, Germany), sequenced by a cycle sequenc-
ing protocol based on the chain termination method, and
analyzed with an automated DNA sequencer (ABI 377, Phylogenetic and sequence difference analyses
Applied Biosystems, Germany) (Nichol et al., 1993). The fol-
lowing additional oligonucleotides were used for sequence Maximum parsimony analysis of the GP gene nucleo-
tide sequences was done using the PAUP Version 3.1analysis: 5*-GAAGGATATTGTGGGGCAACAACACAATG
(mRNA sense, nucleotides 116 to 144), 5*-AGTCATCCACAA- (Illinois Natural History Survey, Champaign, IL) run on a
MacIntosh computer. Sequence difference analysis ofTAGCACAT (mRNA sense, nucleotides 249 to 268), 5*-CGT-
CAGTTGCCACTCCATTCCC (complementary to nucleotides the GP genes (alignment) was performed by the AS pro-
gram (Resenchuk et al., 1995) run on an IBM computer.376 to 355, mRNA sense), 5*-ACGACACCTTCAGCGAAAGT
(complementary to nucleotides 683 to 664, mRNA sense), 5*- The GP gene nucleotide sequences of the following
EBOV isolates were included in the analyses: MayingaAGTACTCTGTCTCATTGGTT (complementary to nucleotides
838 to 819, mRNA sense), 5*-GAGGTTGACAATTTGACCTAC isolate from the 1976 outbreak in Zaire (Mayinga-76)
(U23187, Sanchez et al., 1993; U31033, Volchkov et al.,(mRNA sense, nucleotides 845 to 864), 5*-GCCGGACTC-
TGACCACTGATG (complementary to nucleotides 1111 to 1995; sequences are identical), Eckron isolate from the
1976 outbreak in Zaire (Eckron-76) (U81161), Tai Forest1091, mRNA sense), 5*-CAACAGCACCCATAATACACCCG
(mRNA sense, nucleotides 1295 to 1317), 5*-TCGTGGCAG- isolate from the 1994 outbreak in Cote d’Ivoire (Tai For-
est-94) (U28006, Sanchez et al., 1996), Gabon isolate fromAGGGAGTGT (complementary to nucleotides 1413 to 1396,
mRNA sense), 5*-AGAGCTTGAGTCGTCTCGTTGG (comple- the 1994 outbreak in Gabon (Gabon-94) (U77384), and
Kikwit isolate from the 1995 outbreak in Zaire (Kikwit-95)mentary to nucleotides 1846 to 1825, mRNA sense), and 5*-
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TABLE 1 phylogenetic analyses clearly demonstrated that Gabon-
94 is a subtype Zaire EBOV (Figs. 1 and 2). In order toAmino Acid Exchanges Observed in GP
evolutionary define the position of this new EBOV weof EBOV Subtype Zaire Isolates
included all known GP gene sequences of EBOV subtype
Virus isolates Zaire that have been obtained from the isolates Mayinga-
a.a. 76, Tai Forest-94, and Kikwit-95 which are described un-
position May-76 Eckron-76 Gabon-94 Kikwit-95
der Materials and Methods. In addition, we sequenced
the Eckron isolate which was also obtained during the46 S N — —
260 I — R — 1976 outbreak in Zaire. The GP gene of EBOV Eckron
310 V — A A differed from the Zaire prototype sequence only in 3 nu-
314 G — R R cleotide positions that all led to amino acid changes
375 P — L —
(Table 1). Assuming that the changes are not due to376 Q — R —
passaging of the virus, comparison demonstrates that377 S — P P
378 L — P P isolates from different patients of a single outbreak would
379 T — I — differ already by 0.4% on amino acid level. This may be
414 D — A — supported by the fact that several passages of Mayinga-
417 A — T —
76 in tissue culture and animals did not result in nucleo-422 S — P P
tide sequence changes of the GP gene (unpublished430 P — L L
440 S — G G data). The observation is not unusual for RNA viruses
443 F — L L (Holland, 1993), but interesting if one considers that iso-
499 T — — A lates of the same EBOV subtype originating from different
544 I T — T
outbreaks show only about 2% differences in their GP552 D N — —
sequences (Mayinga-76/Gabon-94 and Mayinga-76/Kik-
Note. Amino acid (a.a.) changes common to Gabon-94 and Kikwit- wit-95). Thus, recent speculations about low variability
95 when compared to the isolates from 1976, Mayinga (May-76) and of filoviruses (Sanchez et al., 1996) need to be further
Eckron (Eckron-76) are in bold type. confirmed for the human host by sequence analysis of
more isolates from single outbreaks.
The alignment of the nucleotide sequences shows a(U28077, Sanchez et al., 1996). The VP24 gene nucleotide
more or less uniform distribution of substitutions acrosssequence of Gabon-94 (U77385) was only compared with
Mayinga-76 (X67113, Volchkov et al., 1993).
RESULTS AND DISCUSSION
A virus isolate has been made on Vero E6 cells from
the 1994 epidemic. However, isolates have not been ob-
tained yet from the subsequent episodes (Amblard et al.,
1997). In order to molecularly classify the agent, the 1994
isolate (Gabon-94) has been subjected to PCR and se-
quence analysis. RT-PCR was performed on viral geno-
mic RNA, and PCR products were directly sequenced
using a cycle sequencing protocol. The entire GP (Fig.
1) and VP24 (data not shown) genes were amplified using
EBOV Zaire-specific primers. Neither deletions nor inser-
tions, but several nucleotide substitutions were found,
when genes were compared with those of the prototype
FIG. 2. Phylogenetic relationship of EBOV subtype Zaire isolates. TheZaire, Mayinga-76 (Volchkov et al., 1993 and 1995; San-
entire GP gene nucleotide sequences were analyzed by the maximumchez et al., 1993). Seven nucleotide substitutions were
parsimony method using the PAUP program run on a MacIntosh com-
found in the VP24 gene with four being located in the puter. The figure shows the phylogenetic relationship of the subtypes
noncoding and three in the coding region. Only a single Zaire and Cote d’Ivoire of EBOV. Bootstrap confidence limits of 1000
replicates are indicated in ellipses at appropriate branch points. Theamino acid change from Met to Lys occurred at position
horizontal distances represent the number of nucleotide step differ-212 (see GenBank Accession No. X67113). The GP gene
ences (indicated adjacent to the lines). Vertical differences are forshowed 44 nucleotide substitutions with 10 being located
graphic representation only. Key: Mayinga-76 and Eckron-76, isolates
in the noncoding and 34 in the coding region (Fig. 1). from the 1976 outbreak in Zaire; Kikwit-95, isolate from the 1995 out-
This led to a total of 14 amino acid changes that are break in Zaire; Gabon-94, isolate from the 1994 outbreak in Gabon; Tai
Forest-94, isolate from the 1994 outbreak in Cote d’Ivoire.defined in Table 1. Nucleotide sequence difference and
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the entire GP gene (Fig. 1). In contrast, comparison of ACKNOWLEDGMENTS
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